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Abstract 
Gait patterns, joint angles, floor reaction forces 
and joint moments during walking were 
investigated for normal subjects and above-knee 
and below-knee amputees. 

The investigation showed that the hip-knee 
angle diagram as well as different symmetry 
diagrams (e.g. left knee angle versus right knee 
angle) provide an easily interpreted means of 
evaluating abnormalities in the gait pattern. It 
was further concluded that a combined gait 
pattern-force vector diagram is valuable for the 
evaluation of the joint moments. 

Floor reaction forces and muscular moments 
at the joints were also included in the analysis. 
The joint moments at the knee were quite 
different for both above-knee and below-knee 
amputees as compared to the normal subjects. 
Some interesting trends were also found 
concerning the knee stability of the amputees. 

A system called ENOCH was used for the 
measurement and analysis. This system consists 
of a minicomputer connected on-line to 
equipment for measurement of displacement 
(Selspot) and floor reaction forces (Kistler). A 
graphic computer terminal (Tektronix) was used 
for the result presentation. 

Introduction 

It is generally agreed that there is a need for 
quantitative analysis of human gait for the 
evaluation of abnormalities in the locomotor 
apparatus. Many different types of equipment 
have been developed over the years. Among 
these are: 
Goniometer systems which give joint angles that 
can be used to characterize the gait pattern. Here 
the data are given in direct electrical form. 

Cinematography which gives a kinematic 
description of the gait. In this case quantitative 
evaluation is very time consuming and 
expensive. 
Force plates which give the floor reaction forces. 
TV-based systems which give the position of 
selected landmarks on the body. With the 
cameras connected on-line to a computer it is 
possible to make quantitative analyses in direct 
connection to a measurement. However, current 
systems have limited resolution and sampling 
rates. 
Systems based on position sensitive 
photodetectors. This kind of equipment makes it 
possible to obtain cartesian coordinates for 
selected landmarks with a precision and 
sampling rate that is superior to the TV-based 
systems. A drawback is that light sources must be 
carried by the subject. 

Reports on practical usage of all types of 
equipment mentioned above are extensively 
found in the literature, except for the last type 
which can hardly be found at all. It is this kind of 
equipment that was used for the present 
investigation. 

In conjunction with such measurements, 
analyses of the data based on mathematical 
models of the human body (McGhee, 1981; 
Oberg, 1974) are used in research laboratories 
but can hardly be found in clinical use. 

Method and material 
A minicomputer based system—called 
ENOCH—was used for the measurements and 
analyses (Gustafsson and Lanshammar, 1977). 
In this system (Fig. 1), an optoelectronic device, 
Selspot, with position sensitive photodetectors is 
used for kinematic data collection. Ground 
reaction data are obtained from a Kistler force 
plate. Output of result diagrams are made on a 
graphical computer terminal with a hardcopy 
unit or in tabular form on a line printer. 


